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Prostaglandin production by homogeneous cultures of rat glomerular
epithelial and mesangial cells. Prostaglandin production was measured in
homogeneous cultures that had been characterized as glomerular epi-
thelial and mesangial cells. Glomerular epithelial cells produced
ten times more cyclooxygenase products than mesangial cells; 88 to
95% of its products were prostacyclin. Mesangial cells produced
predominantly prostaglandin E2 (57 to 66%); only 14 to 15% of the
prostaglandins produced by mesangial cells was PGI2. Cultured glomer-
ular epithelial and mesangial cells produced little prostaglandin D2,
thromboxane, I 2-L-hydroxyeicosatetraenoic acid, or 6-sulfido-peptide-
containing leukotrienes.
Production de prostaglandines par des cultures homogenes de cellules
glomérulaires épithéliales et mésangiales. La production de prostaglan-
dines a été mesurée dans des cultures homogènes qui avaient été
caractérisées comme étant des cellules glomérulaires epithéliales et
mésangiales. Les cellules glomérulaires épithéliales produisaient 10 fois
plus de produits de Ia cyclo-oxygénase que les cellules mésangiales; 88
a 95% de ces produits étaient de Ia prostacycline. Les cellules mésan-
giales produisaient surtout de la prostaglandine E2 (57 a 66%); seule-
ment 14 a 15% des prostaglandines produites par les cellules mésan-
giales étaient de Ia PGI2. Les cellules glomérulaires épithéliales et
mésangiales en culture produisaient peu de prostaglandines D2, de
thromboxane, d'acide 12-L-hydroxyeicosatetraenoique ou de leuko-
triènes contenant un 6-sulfido-peptide.
It has been demonstrated that angiotensin II (All) [1], argi-
nine vasopressin (AVP) [2], parathyroid hormone (PTH) [3],
dibutyryl cyclic AMP (cAMP) [2], prostaglandin E1 (PGE1) [4],
and prostacyclin (PGI2) [5] can affect glomerular function by
reducing the ultrafiltration coefficient, Kf. Kf is the product of
the surface area of the glomerular capillary and the hydraulic
permeability. It appears that All and AVP exert their effect
upon K by specifically binding to [6—9] and causing contraction
of glomerular mesangial cells [8, 9]. Prostacyclin appears to
cause a reduction in Kf by directly stimulating renin synthesis
and All generation [5, 10]. A similar mechanism appears to
exist for the glomerular effects of PTH, PGE, and cAMP [5].
Considerable evidence now exists for a close association
between the renin-angiotensin and the prostaglandin systems
[11—25]. For example, in an isolated kidney model, administra-
tion of All caused an increase in PGE-like material in the renal
venous effluent [12]. In vitro studies using cultures of renal
interstitial [13], endothelial [14], and smooth muscle cells [15]
demonstrated a marked increase in PGE synthesis following
All addition to the culture medium. Since isolated glomeruli
[18, 25—27] and subcultures of glomerular epithelial and mesan-
gial cells [27, 29], produce prostaglandins in vitro, an intrinsic
mechanism within the glomerulus may exist for modulating the
contractile state of mesangial cells, and therefore, the state of
glomerular function. The prostaglandins produced by cloned,
homogeneous populations of glomerular cell types (that is,
glomerular epithelial and mesangial cells) are presently
unknown.
We have isolated, identified, and maintained glomerular
epithelial and mesangial cells from the rat kidney in homoge-
neous culture [9, 30—32]. The purpose of this study was to
classify the various prostaglandins produced by these two cell
types in vitro.
Methods
Isolation and culture of glomerular cells. The procedure used
for isolating homogenous populations of glomerular cells (that
is, glomerular epithelial and mesangial cells) has been described
previously in great detail [9, 30—32]. Briefly, primary cultures
from outgrowths of whole glomeruli were pooled from 12 male
Harlan's Sprague-Dawley rats (Harlan, Madison, Wisconsin)
and plated for cloning in RPMI 1640 medium containing 100
mU/ml insulin supplemented with 20% fetal calf serum (Grand
Island Biological Co., Grand Island, New York), and diluted in
half with conditioned medium (from Swiss 3T3 cells in log phase
growth). Endothelial cells from rat glomeruli have not been
isolated and cultured as yet. Cloned cells were tested for
fibroblast contamination by their ability to grow in RPMI 1640
medium containing D-valine substituted for L-valine and dia-
lyzed fetal calf serum [301, a condition in which fibroblasts do
not grow [33]. In addition to the characteristic morphologic
features of both cell types as previously described [9, 301,
glomerular epithelial cells were tested for a cytotoxic response
to the aminonucleoside of puromycin and nephrotoxic serum,
and mesangial cells were tested for their ability to contract
when treated with All and AVP. In addition, both cell types
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were tested for Factor VIII antigen, a marker for endothelial
cells, by immunofluorescence microscopy using an antibody
against rat Factor VIII antigen [301. For all experiments, cells
were used between passages 6 and 10 to measure prostaglandin
production.
Prostaglandin analyses. Culture fluids were analyzed by
radioimmunoassay for prostaglandins E2, F2, D2, '2 (measured
as 6-keto-F1), thromboxane (Tx)A2 (measured as TxB2) [34,
351, hydroxyeicosatetraenoic acid (HETE) (measured as mate-
rial immunologically reactive with anti-12-HETE) [361, and
leukotrienes (measured as material immunologically reactive
[361 with anti-6-sulfido-peptide leukotrienes). The serological
specificities of the homologous binding used in the radio-
immunoassay measurements are as follows: (1) in the 6-keto-
PGF1. system, PGF1,, the most effective heterologous ligand,
reacted less than 1% and PGE2 reacted less than 0.1%; (2) anti-
PGE2 reacted 0.02% with 6-keto-PGF1; and anti-PGD2 reacted
less than 1% with its most effective cross-reactive hapten,
PGE2. In the 12-HETE system 1.4 ng of the homologous 12-
HETE inhibited 5.0%; heterologous hydroxy fatty acids reacted
5% or less, and leukotrienes and prostaglandins inhibited less
than 1% [36]. The antileukotrienes did not differentiate among
leukotrienes C4, D4 and E4; they reacted less than 1% with
eicosatrienoic acids lacking a 6-sulfido-peptide [371. In addition
to analyses of the culture fluids by radioimmunoassay without
extraction, culture fluids were pooled and extracted, and the
cyclooxygenase products were resolved by reverse-phase high
performance liquid chromatography (RP-HPLC) before radio-
immunoas say [35]. The profiles of arachidonic acid metabolites
were the same as measured by radioimmunoassay before and
after RP-HPLC. The radioimmunoassays for all of the arachi-
donic acid metabolites were performed in polypropylene test
tubes, 3.5-mi capacity (no. 535, Walter Sarstedt, Inc., Prince-
ton, New Jersey). The diluent for all reagents was Tris buffer
(0.01 M Tris, pH 7.4, containing 0.14 M sodium chloride and
0.1% gelatin).
Appropriately diluted immune rabbit plasma, radiolabelled
ligand, and either standard inhibitors or unknown samples were
added to the test tubes in a total volume of 300 p.1 with mixing
after each addition. The reactions were incubated at 37°C for 60
mm. One hundred microliters of goat anti-rabbit IgG plasma
(previously titrated to equivalence or antibody excess with
respect to the rabbit IgG antigen in the immune plasma) was
added, and after mixing, the rabbit IgG-goat anti-rabbit IgG
complex was precipitated overnight at 4°C. One hundred micro-
liters of normal rabbit plasma, diluted one twenty-fifth, was
added as the carrier just before the addition of the 100 p.l of
goat-anti-rabbit IgG. The immune precipitates were centrifuged
at x l500g for 60 mm at 4° C, and the supernatant fluids were
decanted. The precipitates were dissolved in 200 p.1 of 0.1 N
sodium hydroxide; 2.5 ml of scintillation fluid was added to
each tube. The tubes were stoppered with polyethylene push-in
stoppers (Walter Sarstedt, Inc., Princeton, New Jersey), thor-
oughly mixed, and analyzed in a liquid scintillation counter
(Beckman, LS7500, Fullerton, California) with an efficiency of
63%.
Prostaglandin production. Biosynthesis of prostaglandins is
dependent on the availability of substrate [38]. The profiles of
arachidonic acid metabolism by glomerular epithelial and me-
sangial cells were obtained before and after stimulation of
acylhydrolase activities by 10% serum, melittin, or the calcium
ionophore A-23l87. Exponentially growing cells were used.
Cells were treated with 0.25% trypsin-EDTA and seeded at 2 x
l0 cells per 60 mm Falcon tissue culture dish. For analyses of
arachidonic acid metabolism by cells in the absence of exoge-
nous stimulation, 1 X 106 cells per 60 mm Falcon tissue culture
dish were used. The culture medium consisted of 4 ml of
Eagle's Minimal Essential Medium containing 10% (vol/vol)
fetal calf serum, 250 U of penicillin, 250 p.g of streptomycin, and
2 mrvi L-glutamate. After a 24-hr incubation, the medium was
removed and the cells were washed twice with minimal essen-
tial medium lacking fetal calf serum. The cells then were
incubated in 4 ml of minimal essential medium, or medium that
contained either fetal calf serum (10%), A-23187 (1 p.g/ml), or
melittin (5 p.glml). After 18 hr, the culture media were collected
and assayed for prostaglandins. Each sample was analyzed in
duplicate, and the data were expressed as nanograms per
milliliter of culture fluid (products produced by either 2 x l0
cells when stimulated by serum, A-23 187 or melittin, or 1 x 106
cells in the absence of exogenous stimulation). Floating cells
were present in the culture media after treatment with A-23 187
and melittin; they were removed by centrifugation before
analyses for prostaglandins. For immunochromatographic anal-
yses, culture fluids from five dishes were pooled and extracted,
and the cyclooxygenase metabolites were resolved by RP-
HPLC before RIA [35].
Results
Cell identification. Homogeneous cultures of glomerular epi-
thelial and mesangial cells are depicted in Figures 1 and 2.
Glomerular epithelial cells are polygonal in shape and display a
cobblestone-like appearance in culture. In early passages, many
cells appear to retain their foot processes (Fig. 1). Mesangial
cells are more spindle-shaped and grow in swirl-like configura-
tions (Fig. 2). The glomerular epithelial cell was identified by
the following criteria [301: (1) It had cilia on its surfaces and
formed junctional complexes in vitro; (2) the aminonucleoside
of puromycin as well as nephrotoxic serum was cytotoxic
toward it; (3) it did not contain Factor VIII antigen distinguish-
ing these cells from glomerular endothelial cells; and (4) it had
receptors for C3b as do human glomerular epithelial cells [39,
40]. Mesangial cells were identified by their ability to contract
in the presence of All and AVP. Mesangial cells contracted
when All (1 p.M to 1 nM) or AVP (1 p.M to 0.1 nM) were added in
the presence of calcium, with virtually every cell responding.
The contractile response of mesangial cells to both hormones
was calcium dependent.
Prostaglandin production. Cultured glomerular epithelial
cells, used between passages 6 and 10 produced about ten times
more prostaglandins than did the similarly passaged mesangial
cells; 88 to 95% of its products were PGI2, whereas only 14 to
15% of the products of mesangial cells arachidonic acid metabo-
lites were PGI2. Most of the arachidonic acid metabolites of the
mesangial cells (57 to 66%) were PGE2. Both cell types pro-
duced relatively little PGD2, thromboxane, HETE, or leuko-
trienes (Table I). These profiles were the same after resolution
of the arachidonate metabolite by RP-HPLC.
Discussion
Cultured mesangial cells synthesize predominantly PGE2 (57
to 66%), followed by PGF2, (19 to 26%) and PGI2 (14 to 15%).
Fig. 1. Phase-contrast photomicrograph
of cultured glomerular epithelial cells.
The cells are polygonal in shape and
appear to retain foot processes (arrows).
(x 52)
Fig. 2. Phase-contrast photomicrograph
of cultured mesangial cells. This cell
type is spindle-shaped and grows in a
swirl-like fashion [9, 30] and at high
magnification, as shown, the cells are
long and strap-like. (x 130)
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These results are qualitatively similar to the results of Sraer et
al for mesangial cells [291; quantitative differences exist, how-
ever, and this could be due to differences in the growth
conditions as well as the number of generations the cells had
undergone. Cultured glomerular epithelial cells synthesize pre-
dominately PGI2 (88 to 95%). PGI2 synthesis is not confined to
endothelial cells. Canine kidney epithelial cells (MDCK) syn-
thesize PGI2 in vitro [42, 43]; human and bovine aortic smooth
muscle cells [44, 45], mouse adrenal and mouse lymphoma cells
[34], and fetal rat bone [46] produce PGI2. Sraer et al reported
that glomerular epithelial cells synthesized predominantly PGE2
[29], but this difference may reflect homogeneity of the cell
populations as well as the number of generations of their cells
when tested for prostaglandin production. To ensure that we
were working with homogeneous populations of glomerular
epithelial cells, (1) cells were cloned [30], that is, suspensions of
glomerular cells from outgrowths of whole glomeruli were
diluted with a sufficient volume of medium to permit the
addition of single cells to dishes [41]. When colonies of cells
formed, they were isolated and passaged using small cylinders
to keep the colonies separate; (2) glomerular epithelial cells
were distinguished from endothelial cells by the lack of Factor
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Table 1. Arachidonic metabolism by rat gb merular epithelial and mesangial cell s in culturea
Cell
Stimulated
by PGE2 PGF2, 6-keto-PGF1 PGD2 TxB2 iHETE iLT
Epithelial
1.0 g/ml
5.0 p.g/ml
None6
A-23187
Melittin
0.97 (2)
3.37 0.19 (4)
5.8 0.67 (4)
0.94 (2)
6.7 0.46 (4)
8.4 0.76 (4)
13.8 (2)
164 18.3 (4)
236 16.5 (4)
<0.05 (2)
<0.05 (4)
<0.05 (4)
<0.05 (2)
<0.05 (4)
<0.05 (4)
<0.4 (2)
<0.4 (4)
<0.4 (4)
<0.4 (2)
<0.4 (4)
<0.4 (4)
Mesangial
10%
5.0 g/ml
None"
Serum
Melittin
0.78 0.13 (8)
2.6 (2)
18.4 (2)
0.23 0.05 (8)
1.5 0.07 (3)
6.4 0.28 (3)
0.18 0.08 (8)
0.86 (2)
4.2 (2)
<0.05 (8)
c
<0.26 (2)
<0.05 (8)
C
<0.05 (2)
<0.4 (8)
C
<0.4 (3)
<0.4 (8)
C
<0.4 (3)
% Products
Epithelial
Mesangial
2 to 6
57 to 66
3 to 6
19 to 26
88 to 95
14 to 15
0
1
0
0
0
0
0
0
a Ng/ml culture fluid/2 x 10 cells (except where indicated). The number of dishes is indicated in parentheses. Data are expressed as the mean
SD.
b Since the baseline values were so low, 1 X 106 cell per dish were used.
10% serum interferes with this RIA.
VIII antigen [301; (3) they had cilia on their surface, formed
junctional complexes in vitro, and were injured when exposed
to the aminonucleoside of puromycin and nephrotoxic serum
[30]; (4) and they had receptors for C3b as do human glomerular
epithelial cells [39, 401. The early passaged glomerular mesan-
gial cells were identified by their ability to contract when
exposed to All and AVP while glomerular epithelial cells did
not.
Petrulis, Aikawa, and Dunn [28] have studied prostaglandin
production by explants of whole glomeruli after 9 days of
growth. They identified these cells morphologically as glomeru-
lar epithelial cells. These cells were explants and not pure
cultures. Furthermore, whole glomeruli were also present in
their cultures; these explants produced the following prosta-
glandins: PGE2 > thromboxane > PGF2,. > 6-keto-PGF1,. No
comparison of these data with ours can be made since Petrulis,
Aikawa, and Dunn [28] were not working with homogeneous
populations of cells.
Since correlations between the renin angiotensin and the
prostaglandin systems exist, prostaglandin production by
glomerular cell types could influence glomerular function
through its effects on mesangial cell contraction. Prostaglandin
production by glomerular cells during injury could also be of
importance. It is accepted generally that in many glomerular
diseases, both in humans and animal models, glomerular epithe-
hal cells are injured. One popular theory of cell injury is that
plasma membrane phospholipases become activated due to
calcium influx [47]. Melittin, a phospholipase activator, as well
as the calcium ionophore A-23 187 markedly stimulates PGI2
synthesis by cultured glomerular epithelial cells. Thus, injuries
in vitro may mimic the early changes seen in vivo in some
glomerular diseases.
We cannot extrapolate from the relative rates of prostaglan-
din production in vitro to the absolute rates in the in vivo
situation. The artificial conditions created in vitro for growing
glomerular cells hardly compare to the environment that
glomerular cells reside in vivo. We can, however, speculate that
if, indeed, glomerular epithelial cells produce predominantly
PGI2 in vivo as they do in culture, they may exert an influence
over glomerular hemodynamics.
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